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Abstract 

Background: Reports on the sexual behavior of people on antiretroviral therapy (ART) are inconsistent. We selected 
14 articles that compared the sexual behavior of people with and without ART for this analysis. 

Methods: We included both cross-sectional studies that compared different ART-naTve and ART-experienced 
participants and longitudinal studies examining the behavior of the same individuals pre- and post-ART start. 
Meta-analyses were performed both stratified by type of study and combined. Outcome variables assessed for 
association with ART experience were any sexual activity, unprotected sex and having multiple sexual partners. 
Random-effect models were applied to determine the overall odds ratios. Sub-group analyses and meta-regression 
analyses were performed to examine sources of heterogeneity among the studies. Sensitivity analysis was also 
conducted to evaluate the stability of the overall odds ratio in the presence of outliers. 

Results: The meta-analysis failed to show a statistically significant association of any sexual activity with ART 
experience. It did, however, show an overall statistically significant reduction of any unprotected sex, having 
multiple sexual partners and unprotected sex with HIV negative or unknown HIV status with ART experience. 
Meta-regression showed no interaction between duration of ART use or recall period of sexual behavior with the 
sexual activity variables. However, there was an association between the percentage of married or cohabiting 
participants included in a study and reductions in the practice of unprotected sex with ART. 

Conclusion: In general, this meta-analysis demonstrated a significant reduction in risky sexual behavior among 
people on ART in sub-Saharan Africa. Future studies should investigate the reproducibility and continuity of the 
observed positive behavioural changes as the duration of ART lasts a decade or more. 

Keywords: Antiretroviral therapy, Meta-analysis, Meta-regression, Multiple sexual partners, Unprotected sex, 
Sub-Saharan Africa 



Introduction 

Across the globe, the introduction of antiretroviral 
therapy (ART) has saved millions of life since it was 
widely introduced in developed countries in 1996 and 
in sub-Saharan Africa in 2002 [1]. ART contributed to 
a 19% decline in deaths from HIV infection from 2004 
to 2009 [1]. Sub-Saharan region bears 68% of the global 
HIV burden. By 2009, about 37% of HIV-infected per- 
sons in sub-Saharan countries who were eligible for 
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ART were able to access antiretroviral drugs. Just as in 
developed countries, ART has improved quality of life 
and survival in sub-Saharan Africa [2-4]. 

As severely ill HIV patients recover on ART, they feel 
general wellbeing and their sexual desire is likely to re- 
sume. Is the sexual behavior of HIV patients on ART 
safe or risky? Reports on sexual behaviors of people on 
ART have been inconsistent; six studies African and 
non- African countries have shown that patients on ART 
are more likely to engage in unprotected sex [5-10]; 
however, other cross sectional and longitudinal studies 
have reported a decrease in rates of risky sexual behavior 
after ART [11-15]. 
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In a systematic review of three articles, Kennedy et al 
found a significant reduction in sexual risk-taking behav- 
iour among patients on ART in developing countries [16]. 
One very recent cross-sectional study from Ethiopia 
showed that more than one third (36.9%) of study partici- 
pants reported to have unprotected sexual intercourse in 
three months period prior to data collection [17]. Another 
cross-sectional study among patients on ART from an in- 
formal urban settlement in Kenya found increased rates of 
inconsistent condom use among women and increased 
rates of multiple sexual partners among married men [18]. 
A 2004 meta-analysis of studies from developed countries 
found that rates of unprotected sex among people on ART 
were not significantly different from those among HIV- 
infected people not on ART [19]. It found high rates of 
unprotected sex, however, among those who believe that 
they will not transmit HIV while on ART [19]. 

No previous meta-analysis has been published on the 
sexual behaviors of people on ART in Sub-Saharan Africa. 
This meta-analysis and meta-regression was conducted 
based on studies comparing the sexual behavior of people 
on ART with HIV-infected people not on ART. We hope 
this analysis sheds more light on the gradient of risky sexual 
behaviours among people on ART in Sub-Saharan Africa. 

Methods 

Search strategy 

We conducted a computer search of PubMed, Google 
Scholar, WHO (HINARI) for articles on risky sexual be- 
havior in relation to ART in sub-Saharan Africa pub- 
lished from January 2000 to October 2011. We obtained 
article texts either free on-line or from HINARI [20]. 
Our search terms included "HAART", "Highly active 
antiretroviral therapy", "ART", "Antiretroviral therapy", 
"sexual activity", "unprotected sex", "multiple sexual 



partners and unprotected sex with HIV negative or un- 
known HIV status", "inconsistent condom use," and the 
names of Sub-Saharan African countries. We also 
searched the reference lists of articles identified through 
the computer search. 

Article selection 

Articles that fulfilled the following three criteria were 
included in our meta-analysis: must be published in 
English, must be conducted in sub-Saharan Africa, and 
must compare either the sexual behavior of HIV-positive 
people on ART with that of HIV-positive, ART naive or 
the sexual behavior of HIV-positive individuals before 
ART initiation with the sexual behavior of the same indivi- 
duals after starting ART. 

Our search criteria initially identified 53 complete 
journal articles on risky sexual behavior of people on 
ART in sub-Saharan Africa. Based on our inclusion cri- 
teria, only 14 of these articles qualified for the meta- 
analyses. The major reasons for the exclusion of 39 arti- 
cles were: lack of comparative data on sexual behavior 
with behavior prior to starting ART or with an ART- naive 
people control group; focused solely on knowledge and 
attitudes without examination of behavior, and review arti- 
cles that included no data collection. Of the 14 selected 
articles, six were cross-sectional studies comparing the 
sexual behaviour of ART naive with ART experienced 
people and eight were prospective cohort studies comparing 
behavior of the same individuals before and after starting 
ART. General information on the studies included is 
shown in Table 1. 

Data extraction 

From the studies that met the inclusion criteria, the fol- 
lowing data were abstracted: year of publication, country 



Table 1 General information on the studies included, 201 1 



Reference 


Country 


Type of study 


Type of comparison 


Sampled 


Wandera B et al. [21] 


Uganda 


Prospective 


Pre-ART vs Post ART 


559 ART-naTve 


Luchters S et al. [22] 


Kenya 


Prospective 


Pre-ART vs Post ART 


234 ART-naTve 


Moatti J P et al. [23] 


Cote d'lvoire 


Cross-sectional 


ART experienced vs. ART naive 


547 ART naive and 164 ART experienced 


Bateganya M et al. [24] 


Uganda 


Cross-sectional 


ART experienced vs. ART naive 


354 ART naive and 369ART experienced 


Pearson C R et al. [25] 


Mozambique 


Prospective 


Pre-ART vs Post ART 


277 ART naive 


Bunnell R et al. [26] 


Uganda 


Prospective 


Pre-ART vs Post ART 


926 ART-naive 


Venkatesh K K et al study 1, [27] 


South Africa 


Prospective 


Pre-ART vs Post ART 


6263 ART-naive 


Eisele T P et al. [28] 


South Africa 


Cross sectional 


ART experienced vs. ART naive 


404 ART naive and 520 ART experienced 


Dia A et al. [29] 


Cameroon 


Cross-sectional 


ART experienced vs. ART naive 


216 ART naive and 691 ART experienced 


Peltzer K et al. [30] 


South Africa 


Prospective 


Pre-ART vs Post ART 


735 ART naive 


Sarna A et al. [31] 


Kenya 


Cross-sectional 


ART experienced vs. ART naive 


143 ART naive and 179 ART experienced 


Venkatesh K K et al study2 [32] 


South Africa 


Cross-sectional 


ART experienced vs. ART naive 


247ART-naTve and 1295 ART experienced 


Diabate S et al [8] 


Cote d'lvoire 


Prospective 


Pre-ART vs Post ART 


312 ART naive 


McClelland R. S et al. [33] 


Kenya 


Prospective 


Pre-ART vs Post ART 


898 ART naive 
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where conducted, setting, type of comparison [within 
individuals (Pre- ART vs. Post- ART) or between indivi- 
duals (ART naive vs. ART experienced)], sample size, 
sexual history (sexually activity, multiple sexual partners, 
unprotected sex with HIV positive/HIV negative or un- 
known HIV status, and inconsistent condom use), recall 
period for sexual activities, duration on ART and pro- 
portion of married participants. 

Operational definition 

In this article, we use the terms "ART-naive" and "ART- 
experienced" only with respect to studies comparing be- 
havior among different individuals. We use the terms 
"pre-ART" and "post- ART" only with respect to studies 
comparing behavior within the same individuals. We did 
not attempt to standardize definitions of these terms; we 
used them as used in each of the articles selected. We use 
the term "unprotected sex" to mean either sexual activity 
without the use of a condom or inconsistent condom use 
with any partner irrespective of HIV serostatus. We use 
the term "multiple sexual partners" to mean sexual activity 
with two or more sex partners during the study period. In 
this analysis, all the study participants were HIV positive. 
All articles selected for this meta-analysis have got ethical 
clearance from their respective institution. 

Statistical analysis 

We used Meta Analyst (Beta 3.13) software [34] and 
Comprehensive Meta Analysis software [35] to carry 
out meta-analysis and meta-regression analysis, respect- 
ively. We conducted four meta-analyses: on the associ- 
ation of ART experience with any sexual activity, on the 
association of ART experience with any unprotected 
sex, on the association of ART experience with having 
multiple sexual partners and on the association of ART 
experience with having unprotected sex with partners 
who were HIV negative or of unknown HIV status. We 
used the DerSimonian-Laird method (Random-effect 
model) to calculate the overall odds ratios. To deter- 
mine the heterogeneity among the studies, it was pos- 
sible to generate values for Tau 2 , Chi-square (Q), I 2 and 
P-value. For this analysis, when the value of I 2 exceeded 
50%, we considered the total variation across the studies 
to be large and to be due to heterogeneity rather than to 
chance [36]. 

In the presence of significant heterogeneity, summary 
estimates from meta-analyses are believed to be difficult to 
interpret; and Lijmer et al recommends investigating het- 
erogeneity using subgroup (stratified) analysis and meta- 
regression analysis [37] Therefore, to examine sources of 
heterogeneity among the studies, we performed sub-group 
analyses with Meta Analyst (Beta 3.13) software and meta- 
regression analysis with Comprehensive Meta Analysis 
software. Sub-group analysis was carried out at two stages: 



first, stratifying by type of study (among individuals vs. 
within individuals); second, combining all studies of both 
types. Random effects linear meta-regression analysis was 
performed with three covariates or moderators: duration 
on ART, recall period for sexual activities and percentage 
of married participants in the group receiving ART. 

Sensitivity analysis was also conducted to see the sta- 
bility of the overall odds ratio to inclusion of individual 
studies. For all statistical tests, P-value < 0.05 was consid- 
ered as statistically significant. 

Results 

The studies making comparisons among individuals 
included 5129 participants (1911 ART-naive participants 
and 3218 ART-experienced participants). The studies 
making within-individual comparisons included 1024 par- 
ticipants were included. The participants' duration on 
ART ranged from 3-36 months (median six months and 
interquartile range 6-12 months). Figure 1 presents the 
results of the meta-analysis of any sexual activity in rela- 
tion to ART experience. Although two studies [23,24] 
showed a statistically significant increase in sexual activity 
among ART-experienced as compared with ART-naive 
participants, the overall analysis portrayed no association 
of sexual activity in either of the study types (OR = 1.14; 
95% CI, 0.91 to 1.43). However, the proportion of sexually 
active people was higher among ART-experienced than 
ART-naive participants in three of the four studies that 
made comparisons among individuals [23,24,28] . 

The within-individual studies were more inconsistent 
than studies that made comparisons between individuals. 
Two studies [21,27] found statistically significant decreases 
in sexual activity post-ART while another two studies 
[22,25] found increased sexual activity pre-ART. 

Sensitivity analysis attested to the stability of the over- 
all odds ratio; it oscillated in the range of 1.07 to 1.21 
(changed by ±0.07 from the overall odds ratio). The test 
of heterogeneity showed a significant variation among 
the included studies (Q = 74.7; I 2 = 87.9%), signifying that 
the variation was due to heterogeneity rather than 
chance. The impact of duration on ART and recall time 
on the overall odds ratio was assessed by the random ef- 
fect meta-regression model. As shown in Table 2, these 
variables were not found to have a significant effect; the 
regression coefficient of the log odds ratio of sexual ac- 
tivity was not significantly different from zero in either 
the analysis of average time while on ART (regression 
coefficient = -0.016; 95% CI, -0.033 to 0.002; P = 0.078) 
or the analysis of recall time (regression coefficient = 
0.042; 95% CI, -0.020 to 0.104; P = 0.185). 

As shown in Figure 2, all studies [21-23,26,27,29-33] 
but one showed a statistically significant reduction in 
rates of unprotected sex among people on ART. The di- 
vergent study showed a statistically significant increase 



Berhan and Berhan AIDS Research and Therapy 2012, 9:14 
http://www.aidsrestherapy.eom/content/9/1 /1 4 



Page 4 of 9 



ART experienced vs ART naive 

Moatti J P et al [2 " ] 

[24] 

Bateganya M et al 
Eisele T P et al [2S] 
Sarna A et al ' ' 
Total 



Post- ART vs Pre-ART 

Bunnell R et al [26] 

Luchters S et al [22] 

Peltzer K et al ^0] 

Venkatesh K K. et al study I [2?1 

Pearson C R etal [25] 

Wandera B et al t 21 l 

Total 



Overall 



Year 

2003 
2005 
2008 
2008 



2006 
2008 
2010 
2010 
2011 
2011 



■ 



0.1 



95% Confidence Interval 

1.560 (1 .098, 2.216) 
1 .346 (1 .005, 1 .804) 
1.538 (0.682, 3.471) 
0.852 (0.548,1.325) 
1.282 (0.986,1.666) 



1.177 (0.957,1.448) 
1.513(1 .022, 2.239) 
1.012(0.811,1.262) 
0.730 (0.666,0.800) 
1.916(1 .364,2.693) 
0.763 (0.634,0.920) 
1.080 (0.823,1.416) 



1.143(0.911,1.433) 



Decreased sexual activity 



1 10 

Increased sexual activity 



Heterogeneity test 


Tau-Squared 


I 


Q 


DF 


P-val (Q) 


0.105 


87.9% 


74.685 


9.000 


0.000 



Figure 1 Meta-analysis of the association between a nti retroviral therapy experience and any sexual activity; Pooled effect estimate 
from a random-effects model, 2011. 



in unprotected sex among those on ART. The overall 
odds ratio in the meta-analysis demonstrated a statisti- 
cally significant reduction in unprotected sex while on 
ART (OR = 0.437; 95% CI, 0.315 - 0.607). The associ- 
ation appears a bit stronger in the studies comparing 
rates of unprotected sex among different individuals 
(OR = 0.414; 95% CI, 0.287 - 0.598). In the sensitivity 
analysis, the overall odds ratio was very little changed by 
omitting individual studies (maximum ± 0.06). 

The studies included in the meta-analysis of unpro- 
tected sex also found to have significant variation due to 



heterogeneity rather than to chance (Q = 124.4; 
I 2 = 92.0%). Meta -regression found no statistically signifi- 
cant interaction between unprotected sex and duration 
on ART (regression coefficient = -0.0328; 95% CI, -0.069 
to 0.003; P = 0.076) or between unprotected sex and re- 
call time (regression coefficient = 0.0029; 95% CI, -0.151 
to 0.157; P = 0.97). But the meta-regression incorporating 
six studies [21,22,26,27,30,31] which analyzed the relation- 
ship of rates of unprotected sex with the percentage of 
married or cohabiting participants included in the study 
demonstrated a significant reduction of unprotected sex 



Table 2 Summary of meta-regression analysis findings, 2011 



Variable 


Regression coefficient 


Standard error 


95% CI 


P-val ue 


Effect of duration on ART on sexual activity 


- 0.016 


0.009 


-0.033, 0.002 


0.078 


Effect of time of recall on sexual activity 


0.042 


0.032 


-0.020, 0.104 


0.185 


Effect of time of recall on unprotected sex 


0.0029 


0.078 


-0.151,0.157 


0.97 


Effect of duration on ART on unprotected sex 


-0.0328 


0.018 


0.069, 0.003 


0.076 


Effect of married participants on Unprotected sex 


-0.032 


0.014 


-0.059, -0.004 


0.023 


Effect of time of recall on multiple sexual partner 


0.018 


0.047 


-0.074, 0.1 1 1 


0.697 


Effect of duration on ART on multiple sexual partners 


0.0457 


0.037 


-0.028, 0.119 


0.22 


Effect of married participants on multiple sexual partners 


0.0313 


0.0249 


-0.017, 0.080 


0.21 
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ART experienced vs ART naive 

Moatti J P et al 1231 
SarnaAetal 1311 
DiaAetal I29J 
VenkateshKK et al study2 C 
Total 

Post-ART vs Pre-ART 



J32] 



Bunnell R et al 
Oiabate S et al 



(26) 
[8] 



LuchtersSetal 1221 
McCleBand R S et al 1331 
Peltzer K et al f ^03 
Venkatesh K K et al study 1 1271 
Wandera B et ol ) 

Total 



Overall 



Year 

2003 
2008 
2010 
2011 



2008 
2007 
2008 
2010 
2010 
2010 
2011 



| — — - 

0.1 

Decreased unprotected sex 



95% Confidence Interval 

0.440(0.263,0.736) 
0.183(0.084,0.401) 
0.410(0.300,0.561) 
0.609 (0.401,0.926) 
0.414(0.287,0.598) 



0.387 (0.264, 
1.689(1 .152, 
0.511 (0.282, 
0.498(0.423, 
0.500(0.361, 
0.403 (0.345, 
0.143(0.109, 
0.461 (0 296, 



0.566) 
2.478) 
0.926) 
0.586) 
0.692) 
0.472) 
0.188) 
0.718) 



0.437 (0.315,0.607) 



10 



Increased unprotected sex 



Heterogeneity test 


Tau-Squared 


I 


Q 


DF 


P-val (Q) 


0.263 


92.0% 


124.355 


10.000 


0.000 



Figure 2 Meta-analysis of the association between a nti retroviral therapy experience and any unprotected sex; Pooled effect estimate 
from a random-effects model, 2011. 



as the percentage of married participants increases (re- 
gression coefficient = -0.032; 95% CI,-0.059 to -0.004; 
P = 0.023). 

Figure 3 shows the results of the meta-analysis of the re- 
lationship of ART experience to rates of multiple sexual 
partners. The overall odds ratio, including all eight studies 
which reported this information, indicated that rates of 
multiple sexual partners were significantly decreased 
among people on ART (OR = 0.47; 95% CI, 0.248 to 
0.888). When considered separately by study type, how- 
ever, the combined odds ratios were not statistically sig- 
nificant, although two studies of each type [27,31-33] 
independently showed a statistically significant reduction 
in rates of multiple sexual partners with ART experience. 
In other words, rates of multiple sexual partners were not 
found to be significantly different either when comparing 
ART-experienced people to ART-naive people; or when 
comparing the same individuals' behavior before and after 
ART initiation. The sensitivity analysis supports the find- 
ings of the sub-group analysis; exclusion of Sarna and et al 
study from the analysis leads to a finding of an insignifi- 
cant association of ART experience with rates of having 
multiple sexual partners. 



Linear meta-regression analysis showed that neither dur- 
ation of ART (regression coefficient = 0.0457; 95% CI, 
-0.028 to 0.119; P = 0.22), recall time (regression coeffi- 
cient =0.018; 95% CI, -0.074 to 0.111; P = 0.697) nor 
percentage of married participants (regression coefficient = 
0.0313; 95%CI, -0.017 to 0.080; P = 0.21) were significantly 
associated with having multiple sexual partners. 

Of the 14 studies included, only four [22,25,26,28] 
reported rates of unprotected sex with HIV-negative or 
unknown HIV status persons (Figure 4). The meta- 
analysis of the relationship between ART experience 
with rates of unprotected sex with HIV negative or un- 
known HIV serostatus showed a statistically significant 
reduction among people on ART (OR = 0.55; 95% CI, 
0.303 to 0.994). 

Discussion 

Because of several contradictory reports, the issue of 
sexual behaviour of people on ART in sub-Saharan Africa 
still continues to be debatable. This meta-analysis is the 
first to provide a pooled quantitative estimate of the sexual 
behavior of people on ART by categorizing and analyzing 
the studies by type. In other words, the strength of this 
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[32] 



ART experienced vs ART naive 

[24] 

Bateganya M et al 
SarnaAetal 131 ] 
Venkatesh K K et al study2 

Total 

Post- ART vs Pre-ART 



Year 

2005 
2008 
2011 



Luchters S et al 



[22] 



McClelland R S et al 
Peltzer K et al [50] 



[33] 



Venkatesh K K et al study 1 
Pearson C R et al 
Total 



Overall 



[27] 



2008 
2010 
2010 
2010 
2011 



-444+4" 



I III Mi l 



0.01 0.1 
Decreased multiple sexual partner 



95% Confidence Interval 

0.957(0.614,1.491) 
0.085(0.010,0.691) 
0.181 (0.044,0.745) 
0.306 (0.064, 1 .459) 



0.518(0.184,1.457) 
0.684 (0.562, 0.834) 
0.674 (0.338, 1 .343) 
0.160(0.118,0.216) 
1.175(0.609,2.267) 
0.527(0.234,1.186) 



0.469 (0.248, 0.888) 



i i i i mi i| 



10 



Increased multiple sexual partner 



Heterogeneity test 


Tau-Squared 


I 


Q 


DF 


P-val (Q) 


0.658 


91.7% 


84.391 


7.000 


0.000 



Figure 3 Meta-analysis of the association between a nti retroviral therapy experience and having multiple sexual partners; Pooled effect 
estimate from a random-effects model, 2011. 



analysis is that it examined the sexual behavioral change 
with ART within individuals (pre- ART vs. post- ART study 
type) and among different individuals (ART-naive vs. 
ART-experienced study type), and finally, combining the 
two study types (HIV-infected people not on ART vs. 
HIV-infected people on ART). We would expect the 
within-individual studies to be less affected by confound- 
ing variables due to variations between the individuals 
included than the studies that compared different ART- 
naive and ART-experienced individuals. Our analysis also 
permitted exploration of different dimensions of the sex- 
ual behavior of HIV infected patients. Although we found 
no statistically significant difference in sexual activity 
among HIV-infected people on ART, six of the 10 studies 



[22-24,26-28] which reported this variable reported an in- 
crease in sexual activity, which is consistent with other re- 
port [38]. However, the statistically significant reduction 
of unprotected sex among those on ART found in both 
prospective and cross sectional studies is inconsistent with 
the results of the meta-analysis of studies in developed 
nations, which found no statistically significant difference 
in this behavior [19]. Furthermore, this analysis also 
revealed the reduction in rates of multiple sexual partners 
and rates of unprotected sex with HIV-negative or un- 
known HIV status partners by people on ART. This find- 
ing may trigger questions as to why risky sexual behavior 
decreases with ART in sub-Saharan Africa while 
remaining unchanged in developed nations. One reason 
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Study Name 

Bunnell Retal (2006) [26] 



Eisele T P et al (2008) 
Luchters S et al (2008) 



[28] 



[22] 



Pearson C Retal (2011) 
Overall 



[25] 



-i — i- 



-»— i- 



0.1 1 
Decreased unprotected sex 
with HIV(-)or HIV(?) 



95% Confidence Interval 

0.306 (0.178,0.528) 
1.030 (0.774,1.371) 
0.382 (0.217,0.674) 
0.667 (0.407, 1 .092) 



0.549 (0.303, 0.994) 



10 



Increased unprotected sex 
with HIV(-)or HIV(?) 



Heterogeneity test 


Tau-Squared 


1 


Q 


DF 


P-val (Q) 


0.308 


85.2% 


20.256 


3.000 


0.000 



Figure 4 Meta-analysis of the association between a nti retroviral therapy (ART) experience and unprotected sex with HIV negative or 
unknown HIV status partners; Pooled effect estimate from a random-effects model, 2011. 



may be that risky sexual practices in sub-Saharan Africa 
were extremely prevalent at the outset, which we know 
because sub-Saharan Africa is the region most affected by 
HIV and because the majority of HIV infections in this re- 
gion are attributed to unprotected heterosexual inter- 
course [2,39]. 

In addition, one may argue that the dramatic improve- 
ment in their health after beginning ART may have 
given HIV patients the hope of living long. Their previ- 
ous sufferings had been an extremely bad experience; 
and professionals probably counseled them not to put 
themselves and their partners at risk of infection with 
new HIV strains, with HIV strains resistant to antiretro- 
viral drugs and with other sexually transmitted infec- 
tions. In support of this hypothesis, a qualitative study 
from Uganda reported that many ART patients were 
worried about risking their improving health through 
HIV super-infection and about the risk of resuming sex- 
ual practice [40]. The positive behavioral change among 
ART patients in Sub-Saharan Africa may also be the ef- 
fect of good adherence to clinic visits, which will provide 
the chance to refresh their knowledge on HIV and to re- 
ceive further warnings during every visit. A study con- 
ducted in six public HIV clinics has established the 
association of good ART adherence with decreased risky 
sexual behaviors [41]. 



A meta-analysis on adherence to ART in Sub-Saharan 
Africa and North America found better adherence among 
Sub-Saharan Africans [42], The observed good adherence 
in Sub-Saharan Africa may have contributed as well to 
avoidance of risky sexual practice. The reported positive 
behavioral change towards safer sex not only provides 
HIV patients an advantage in improving the quality of 
their lives but also reduces their chance of transmitting 
HIV to their partners and of acquiring new and resistant 
HIV strains. 

There are some studies from Sub-Saharan Africa which 
report the association of higher rates of unprotected sex 
with shorter duration of ART therapy (the longer people 
stay on ART, the lower their rates of unprotected sex) 
[18,38,43]. However, our meta-regression analysis showed 
no statistically significant interaction of rates of unpro- 
tected sex with duration on ART. This finding also does 
not support the idea proposed by Womoyi et al, that 
patients who have just started ART may experience illness 
which could decrease sexual desire and that as time passes 
and symptoms of HIV disease are resolved, risky sexual 
practice could emerge [40]. 

Our meta-regression also found no significant relation- 
ship between sexual activity and the time period over 
which participants were asked to recall such activity. 
However, the meta-regression of rates of unprotected sex 
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in relation with the percentage of participants who were 
married found a significant interaction. The higher the 
percentage of married participants in a study, the lower 
the rates of unprotected sex found. This finding would be 
expected and may explain why the majority of studies 
included in this analysis found a reduction in unprotected 
sex, but other reports have not [18]. 

One limitation of our analysis is that all the primary 
studies analyzed used interviews to collect data on sexual 
behavior; this is open to recall bias and social desirability 
bias [44]. First, in some settings, openly discussing sexual 
issues may be taboo or interviewees may fear losing value 
in society. Second, patients on ART, many of whom may 
have been thoroughly counseled about the consequences 
of unprotected sex at ART initiation and in subsequent 
visits, may not feel comfortable reporting truthfully 
about their subsequent sexual behavior. Another limita- 
tion is the lack of data provided by the primary studies. 
Most of the primary studies failed to include data on 
stages of HIV disease (such as viral load, CD4 count, 
clinical condition) and level of medication adherence. 
Therefore we were unable to analyze the effect of these 
parameters on sexual behavior of people with and with- 
out ART. Many of the primary studies also lacked infor- 
mation on whether married participants had more than 
one sexual partner. The variation in percentage of married 
participants in the primary studies does not seem ad- 
equate, on its own, to explain variations among the find- 
ings. Other sources of heterogeneity, which we did not 
analyze, could be average age, education level, sex alloca- 
tion, income, CD4 count and culture of the participants. 

In conclusion, the significant reduction in risk taking 
sexual behavior among people on ART regardless of 
duration on ART is consistent with several individual 
studies and a systematic review from developing coun- 
tries [16,45]. However, it was not possible to identify 
what contributes to this positive behavioral change, and 
we are not sure whether the observed behavioral change 
is sustainable and representative of all sub-Saharan African 
countries. Recently published non-comparative studies 
from Sub-Saharan African countries reported that many 
HIV patients on ART continue to exhibit high risk sexual 
behavior [10,17,18,46]. As a non-comparative cohort study 
of people on ART from Uganda showed, risky sexual 
behaviours were declining before 2004 but thereafter were 
on the upswing [47]. Although our meta-analysis from 
comparative primary studies does support some previous 
research, it is probably premature to conclude that there 
has been region-wide significant reduction in unprotected 
sex among people on ART in Sub-Saharan Africa, which 
were also a concern of other authors [26] . Furthermore, it 
is known that regardless of ART, men and women have 
different patterns of sexual activity. However, in this meta- 
analysis, it was not possible to identify the sexual 



behaviour differences by men and women; out of eight 
studies that reported sexual activity, the data set in four 
was unfit for doing meta-analysis. Therefore, future stud- 
ies should address the reproducibility of the observed 
positive behavioral changes in other settings and assess 
whether they continue as patients stay on ART for a dec- 
ade or more. 
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